The purpose of this paper is to examine whether equity options traded on individual firms are sensitive to the firm's leverage, and to see if adding leverage to the option model improves its pricing accuracy. In a hitherto unexamined economic approach to option valuation, we use reported leverage from financial statements, and a compound option (CO) model, for valuing stock options on individual firms' equities. Recall that in the CO model, equity is a call option on the firm with the amount of leverage being the "strike price," while the call option on equity is the second option in sequence. We demonstrate cross-sectional and timeseries effects of leverage on option values in a manner consistent with the CO model. We compare this model to the seminal Black-Scholes (BS) model which is a special case of the CO model when the firm has no debt. We demonstrate that differences in capital structure have significant statistical and economic cross-sectional and time-series effects on the prices of individual equity call options. When capital structure effects are incorporated into option pricing, the CO model produces values that are closer to market prices and reduces pricing errors of equity call options by 20% on average, relative to the BS model. We also show that these percentage pricing improvements, while small for firms with little leverage, are monotonically increasing to up to 70% with respect to both leverage and time to option expiration.
Introduction
The primary purpose of this paper is to examine how differences in individual firm's capital structure are relevant for pricing equity call options. Our main focus is to see if adding leverage to an option model in a Black-Scholes-Merton setting improves the pricing accuracy of model. We perform this analysis by testing the compound option (CO) model which allows no arbitrage, and is a partial equilibrium, closed-form extension of the Black-Scholes model. The CO model follows directly from Merton (1973) where stock is considered to be an option on a levered corporation, and thus an option on stock is an option on an option, or a compound option. Black and Scholes (1973) (BS) were first to show that all options are actually levered investments in the underlying optioned security or asset. Furthermore, it is well known that most corporations have some form of direct or indirect leverage. This leverage induces stochastic total risk and systematic risk of the corporation's equity, and has led to the finance practice of adjusting a levered firm's volatility and Beta relative to an unlevered firm.
1 Surprisingly, there have been very few tests of option prices using a model which directly incorporates leverage based on economic principles such as Modigliani and Miller (1958) . For example, there have been no empirical tests of the CO model (Geske (1979) ) despite the fact that the Black-Scholes model is its special case when the firm has no leverage.
Empirically, some researchers have documented a negative correlation between stock price movements and stock volatility, which may have been first identified by Black (1976) who dubbed this the "leverage effect." A few papers have shown that debt is related to this negative correlation (Christie (1982) and Toft and Prucyk (1997) ). Toft and Prucyk (TP) (1997) adapt a reduced form version of Leland and Toft (1996) to individual stock option.
They analyze a small sample of 138 firms over a 13 week period in 1994 using ordinary regression tests, and demonstrate significant correlations between their debt variables and option volatility. However, TP do not investigate the extent of option pricing improvement attributable to leverage.
Some important option pricing papers have assumed an exogenous negative correlation between a stock's return and its stochastic volatility. Among these papers are Heston (1993) , Bakshi, Cao, and Chen (1997) and Pan (2002) , which is a more complex extension of Bates (2000) . These papers all assume an exogenous functional form for the negative correlation between a stock's return and changes in the stock's instantaneous volatility.
2 Given that all firms are portfolios of assets and liabilities, it is likely total firm volatility is more stable or stationary than component stock volatility. Following this reasoning both the Merton model of stock as an option and the CO model of an option on stock as an option assume the firm volatility is deterministic, and with debt this implies the result that stock volatility is dependent on the stock price and thus follows a particular stochastic function. Furthermore the derivative of this implied stochastic stock volatility function with respect to the stock price is negative which implies the negative relation between the stock price or return and the instantaneous stock volatility.
3 If the observed negative relation is partially caused by debt, then leverage may be both statistically and economically relevant to pricing equity options. This is exactly what this paper demonstrates. Indeed, our implicit notion is that if debt is a relevant but omitted variable, any exogenous option model parameters may be estimated with error. Thus, this paper attempts to isolate and analyze whether debt has an effect on equity option prices independent of other assumed complexities of the equity return distribution such as stochastic total risk (volatility) and systematic risk (Beta), stochastic interest rates, and stochastic jumps.
So by incorporating the face value of debt which serves as the equity strike price, the CO model uses Modigliani and Miller (M&M) to take equity option pricing theory deeper 2 See also Scott (1987) , Stein and Stein (1991) , Wiggins (1987) . Heston and Nandi (2000) develop a closed-form GARCH option valuation model which is easier to implement, exhibits the required negative relation between equity returns and volatility, and contains Heston's (1993) stochastic volatility model as a continuous time limit. They also compare to BS and demonstrate that their out of sample valuation errors are lower than the ad hoc modified version of Black-Scholes. Liu, Pan, and Wang (2005) attempt to further disentangle the equity return distribution by incorporating diffusive and jump premia, stochastic interest rates, imprecise modeling and uncertainty aversion.
3 See Geske (1979) for details.
into the theory of the firm. 4 Application of Ito's Lemma confirms that a levered firm's inferred stock return volatility cannot be constant as assumed by Black-Scholes, but instead is a function of the level of the stock price. As a firm's stock value changes, if the firm management does not react, the firm's leverage ratio changes inversely. Hence the equity risk and volatility changes. In this setting, the face value of firm debt, the implied market value of debt, and the duration of debt affect the stochastically changing shape of each firm's stock return distribution. It is the shape of the conditional equity return distribution at any point in time that determines the model values for equity options with different strike prices and different times to expiration. We demonstrate leverage-based stochastic equity volatility can improve option valuation model accuracy and provide an economic rationale for a portion of the observed negative relation between instantaneous stock return volatility and stock returns.
This stochastic volatility effect for equity when viewed as an option with a strike price equal to the aggregate face value of corporate debt (as in the CO model), is isomorphic to the similarly observed stochastic volatility of equity call option returns, either for many calls with different strike prices for a fixed stock price, or for any fixed strike price as the stock price moves around the strike over time, both generating in or out of the money options, either in cross-section or over time. So for an option on an option, the strike price of the first option will generate stochastic volatility for that option's return, regardless of the underlying exhibiting deterministic volatility. A second option on the first option will react directly to the changing stock volatility.
We believe this is the first paper to empirically examine capital structure effects on the pricing of individual stock options using the closed-form CO model. We accomplish this by linking COMPUSTAT data on individual firms' debt, to the OptionMetrics database containing detailed data on prices of options on individual stocks. Our paper is related to many other papers in the option pricing literature, all of which compare their extensions to the seminal BS model. For example, an implied binomial tree lattice approach was developed (by Rubinstein (1985) and others) to better fit the cross-sectional structure of option prices wherein the volatility can depend on the asset price and time. This lattice approach to an implied binomial tree produces a deterministic volatility function (DTV), and these implied tree lattice approaches have been shown to work no better than ad hoc versions of BlackScholes where the implied volatility is modified for strike price and time (see Dupire (1994) and Derman and Kani (1994) ).
The rest of the paper proceeds as follows. Section 2 discusses some preliminary evidence on the CO approach and its relation to the literature on the leverage effect. Section 3 describes the compound option model and its parsimonious implementation. Section 4 describes the data and explains in detail how the necessary data inputs are calculated and used. Section 5 again follows all previous empirical option model research and compares the model errors with respect to market prices for both the BS and the CO models and reports both economic and statistical significance of the CO model improvements. Section 6 concludes the paper.
The Compound Option Approach: A Preliminary
In this section, we provide some preliminary evidence for our approach to option valuation, and briefly discuss the relation between our approach and the literature on the leverage effect.
First, we note that Modigliani and Miller's (M&M) no arbitrage capital structure argument is based on changing the firm financing or capital structure while holding constant the firm's assets and their total risk. Changes in financing structure (either due to managerial action or market value fluctuations will not change the riskiness of the firm, but will change the risk of the equity return. This is almost identical to the situations demonstrated in our compound option setting, which we call the "strike price effect." To understand this effect, consider that with no managerial action to change asset risk, all options expiring at the same future date but having different strike prices will be subject to the same asset volatility. In fact, for a large sample of shorter dated options one might consider even the stock volatility to also be almost constant on average over the short period. Thus, according to traditional option pricing theory, we might not expect call option return volatilities to vary much with strike
prices. As we demonstrate below, however, when we measure the call option return volatility for different strike prices over the same time periods, we show the calls with higher strike prices exhibit higher return volatility, while calls with lower strike prices exhibit lower return volatilities. This is consistent with the compound option theory, wherein equity on similar firms of the same total firm risk but with higher face values of debt (i.e., higher "exercise prices") should be more volatile.
Consider first the following case study empirical example of the "strike price effect" tested with IBM options trading during the period January 1996 to January 2012. Our sample contains 1,728 IBM option contracts with 23,239 price observations. We track each option from 30 days to 7 days prior to expiration, so the average time to expiration of these options is about 23 calendar days or 19 trading days. During each of these short time intervals we group the options by strike price ranges, and define the out-of the money calls (OTM) as K/E > 1.10, the in-the-money calls (ITM) as K/E < 0.90, and the at-the-money calls (ATM) as 1.10 > K/E> 0.90. We measure the average option return volatility over this period using only adjacent dates to be 577%/annum for OTM options, 526%/annum for ATM option, and 164%/annum for ITM options. In each short time period the stock return volatility may reasonably be assumed to be constant for the options with different strike prices. Thus, options on these IBM options exhibit our "strike price effect". In summary, the prices of options on options are sensitive to the strike price of the first option in the compound option. This is analogous to the result we present in this paper in the context where equity is an option on the firm, and a traded call option is an option on the equity;
we show that options on stocks of individual firms with different strike prices exhibit this "strike price effect" and resultant option return volatility effect. We compute the realized stock return volatility over the life of each option and the implied volatility of the stock of each option using the BS model. Our hypothesis is that given the same firm volatility equal to 0.25 %/annum for all firms underlying each option, the firms with higher leverage should exhibit both higher implied volatility and higher realized volatility. When we regress the realized volatilities on the debt/equity ratio the coefficient is 0.28, the t-stat is 9.16 and the R 2 is 27%. When we regress the implied stock volatilities on the debt/equity ratio the coefficient is 0.23, the t-stat is 17.68, and the R 2 is 48%. This case study shows that for firms with the same implied asset volatility, both their realized and implied equity volatilities are positively related to the debt/equity ratio, are statistically significant, and have strong explanatory power exhibited by the R 2 . To express this case study in option vernacular, when stock is considered an option on the firm's assets, if you hold the total risk of the firm constant, the stock return volatility is positively related to the firm strike price leverage.
We note here that the leverage effect puzzle is concerned with causality of the observed negative relation between stock returns (both expected and realized) and total risk of the stock, and is not concerned with pricing options on the stock. This is appropriate because no arbitrage option models values are independent of the expected return on the underlying asset, so that an expected return-volatility relationship does not directly influence option values. Thus, research on the leverage effect does not address our focus, which is on whether adding debt to option models improves the option pricing accuracy. For example, Bollerslev, Litvinova, and Tauchen (2006) find support for the negative relation between equity return and volatility using high frequency data. Figlewski and Wang (2000) report an asymmetric effect, where the volatility-return relation is higher in an equity down-market than in an up-market. Duan and Wei (2009) find that the relation is also related to the systematic risk of the stock. Carr and Wu (2011) suggest that negative returns lead to disruptive market behaviors, increasing volatility. 6 To reiterate, these papers, while valuable, do not explicitly tie measured leverage to individual option valuation, as we do.
The next section presents details of the CO model and discusses how the model is implemented.
Compound Option Model
When valuing options to buy the stock of a firm with leverage, the compound option model always involves at least two correlated options, one for the managerial option to repay the debt, and the other for the option to exercise for the stock, whereas Black-Scholes is 6 Hasanhodzic and Lo (2011) construct from Compustat a sample of 667 firms that they define as all equity (AE), and find that the volatility of the AE firms exhibits the same negative relation between price and volatility that is characteristic of the leverage effect. They puzzle over how this can be due to leverage and what is its cause. We believe it could be that in some strike price leverage ranges the volatility of price changes, not returns, is close to constant and so lower priced stocks exhibit higher return volatility.
concerned with a solitary option.
7 The compound option model, when applied to listed individual equity options, transforms the state variables underlying the option from the observable stock price and unobservable but implied stock volatility to the unobservable total market value of the firm, V , and the unobservable but implied firm volatility. The implied firm value is the sum of market values for both the observable equity price S and the unobservable but implied debt value D (V = S + D). Thus, in the compound option model, the stock price enters only as the observable part of the unobservable firm value. Also, as just demonstrated in Section 2, in the CO model the volatility of the individual stock will be random and inversely related to both the value of the individual firm's equity and to the firm leverage. This interpretation of the compound model introduces a method which enables the measurement of each individual firm's implied market debt value from both option and equity prices. The model is consistent with Modigliani and Miller, allows for default on the debt and bankruptcy, and can include debt refinancing. 8 The model is derived from a partial equilibrium, self-financing, risk free no arbitrage portfolio formed with the option, the firm, and a risk free bond. This differs from the Black-Scholes model where the partial equilibrium, self-financing, risk free no arbitrage portfolio is formed with the option, the stock, and a risk free bond. The boundary condition for exercise of an option is transformed from depending on the stock price and strike price to depending on the value of the firm, V , and on V * , a critical firm value for exercise of the stock option, where V * = S * + D * . S * is known and equal to the relevant option strike price K, and thus solving for V * is equivalent to solving for D * .
9 Both CO and BS models are implemented with a term structure of volatility.
10
7 The compound option model has been used for more complex debt structures involving both short term and long term debt (Delianedis and Geske (2010) ), and also for coupon debt (Geske (1977) , and Eom, Helwege, and Huang (2004) .
8 See Eom, Helwege, and Huang (2004) , and also note Toft and Prucyk (1997) which take option valuation to the firm level are also able to imply the market value of each firm's debt and can include debt refinancing.
9 Solving for D * simplifies the solution since S * must equal the relevant known K. 10 A term structure of volatility is known to exist in the equity option market. Implementing the CO model and BS with a volatility term structure allows their models to have a similar number of parameters as the more complex models of Bakshi, Cao, and Chen (1997) and Pan (2002) which cannot easily utilize a volatility term structure. When a volatility term structure is used the BS model errors compare much more favorably to the BCC model comparison in BCC, especially in MSE since BCC only allow BS one parameter, the implied volatility. This is why our comparison of CO to BS errors closer except for the higher leverage Given the above, if the firm value is described by a relative diffusion process, the following equation results for pricing individual stock call options 11 :
where
Here V * , the critical firm value for option exercise, depends on each option's strike price, K j , and each option's expiration date, T i , for all strikes j and option expirations T i , and can be represented as V * (K j , T i ). All options expiring within specific periods of days to expiration are grouped in buckets T i , and options with specific days to expiration in the T i range are valued with a volatility implied from the relevant term structure bucket T i for the option and T d for the debt. Thus, all compound call options depend on four unknowns,
However since V = S + D and S in known, and since V * = S * + D * and each specific S * is known and equal to a specific strike K j , then we can restate the four unknowns for compound
and if V > V * , C = S − K. The firm implied volatility term structure is characterized as the relevant volatility to each option expiration date T i , σ v T i , and the volatility to the single debt maturity date for each firm, T d , is σ v T d . The Black-Scholes model has a similar stock volatility term structure for the volatility relevant to the same option expiration bucket, T i , cases and longer option maturities. 11 See Geske (1979) for details. represented as σ s T i . The face value of a firm's debt outstanding is M and T d is the maturity of this debt
12
As specified, the events of exercising the call option and the firm defaulting on debt are two correlated exercise opportunities at specific T i for each call option expiration and at
, where individual stock option expiration T i is less than or equal to debt maturity, T d , also effects stock option values 13 .
First, we observe that options with longer expirations or shorter debt maturities will have T i closer to T d , which will increase the correlation between the stock option and the default option, and this increased correlation will enhance the effects. This effect will be present in our analysis of the CO model pricing improvement for for options with longer expriations.
In addition, if at any time t a firm is likely to default at
then V will also be more likely to be less than V * at T i , which makes call options expiring at T i less likely to be exercised.
In order to solve for these four unknowns,
equations, three versions of equation (1) for three call options, and Merton (1974)'s adapted Black-Scholes equation for stock as an option on the firm assets V , which is:
There is nothing unusual in our implementation of BS, M, and CO. We follow the standard practice from Merton (1974) implementing corporate debt as a zero coupon bond maturing at the duration of all promised payments outstanding, and Rubinstein (1985) implementing BS and CO. In this specification of the CO model with no coupons, the debt is a zero coupon bond, so the implied market value of debt, D, can never exceed the debt face value, M. We check that this is always satisfied empirically.
13 We find individual firm balance sheet duration always far exceeds listed and traded option expirations. No such case was found where T i > T d in our sample of 16 years and over 2 million option price Equation (2) does not depend on V * or σ v T i , but does depend on V and σ v T d .
Note that the Black-Scholes model is a special case of the compound option model, and if the firm has no debt, M = 0, V = S, σ v = σ s , equation (1) reduces to the following Black-Scholes equation (3) for stock options. By comparing the CO model to the BS model we can directly examine the effects of adding debt and leverage to option values.
The notation for these three equations is summarized as follows: As stated the solution involves simultaneously solving at each date t three versions of Equation (1) for three call options and equation (2) is used once to give us four equations for four unknowns. Each of these four equations contain known observable market prices at any time t, the price of the stock, S, and the prices of the three call options, C. All equations are used at the same point in time for options with the same time to expiration.
At any date t, Equations (1) is used with a most at-the-money (M AT M ) call option with strike K 2 . Equation (1) is used also with two other call options, a slightly out-of-the-money
, both at the same expiration T i as the first M AT M call option. Thus, at any time t, all three options expire at the same T i , are subject to the same firm value V , same stock price, S, the same firm implied volatility for option expiration at T i , σ v T i , same firm implied volatility for debt maturing at 
The four unknowns in the above equations are From the Security file, we obtain the Security ID (these IDs are unique over the security's lifetime and are not recycled), CUSIP (the security's current CUSIP number), Index Flag (a flag indicating whether the security is an index, which equals zero if the security is an individual stock, and unity if the security is an index.), Exchange Designator (A field indicating the current primary exchange for the security: 00000 -Currently delisted, 00001
-NYSE, 00002 -AMEX, 00004 -NASDAQ National Markets System, 00008 -NASDAQ 15 More complex models (Bakshi, Cao, and Chen (1997) , Pan (2002)) attempt to explicitly parameterize the stock's stochastic process with a mean reverting stochastic volatility, sometimes with jumps in either the stock price, the volatility, or both. This involves estimation of many more parameters, and the data are limited by the number of options trading on any day which may be less than the required number of parameter estimates since many individual options do not trade.
Small Cap, 00016 -OTC Bulletin Board, 32768 -The security is an index.). We choose all securities that are individual stock equities and exclude all indices. We further select only the securities that are actively traded on the major exchanges.
From the Security Price file, we retain the Security ID and Close Price for each date (if this field is positive, then it is the closing price for the security on this date; if it is negative, then there was no trading on this date; the reported number is then average of the closing bid and ask prices for the security on this date). We select the security price-date records when there is indeed trading in the underlying stock.
From the Option Price file, we obtain the Security ID, the Strike Price (the strike price of the option times 1000), Expiration Date, Call/Put Flag, Best Bid (the best, or highest, closing bid price across all exchanges on which the option trades), Best Offer (the best, or lowest, closing ask price across all exchanges on which the option trades), Last Trade Date (the date on which the option last traded), Volume (the total volume for the option), and Open Interest, for each date. We filter the option price records based on the following rule: the date on which the option last traded is not missing, open interest is positive, bid price is positive and is strictly smaller than offer price, and the total volume of option contracts is positive.
We merge the selected datasets from the Option Price file and the Security Price file, and we further merge the newly generated dataset with the selected dataset from the Security File. In order to minimize non-synchronous trading problems, we retain option-dates where the security and option both were traded. Next we check to see if arbitrage bounds are violated (C ≤ S − Ke −r T T ) and eliminate these option price records.
Dividends
The dividend information is obtained from CRSP. We collect the following data: CUSIP,
Closing Price (to cross check with the security price from OptionMetrics), Declaration Date (the date on which the board of directors declares a distribution), Record Date (on which the stockholder must be registered as holder of record on the stock transfer records of the company in order to receive a particular distribution directly from the company) and Payment Date (the date upon which dividend checks are mailed or other distributions are made).
Because it is never optimal to exercise an American call option on a non-dividend-paying stock before the expiration date, it is convenient to work with options where no dividend is paid prior to expiration. To do this, all stocks in the sample are separated into two groups:
the first group of stocks never pays any dividend between January 1996 and December 2011; the second group of stocks pays dividends in that period at least once. For the first group (473 firms in total), we use all the options written on these stocks in the entire sample period; for the second (1,283 firms in total), we use all the options whose expiration dates are before the first ex-dividend date and all options whose expiration dates are after the previous ex-dividend dates and before the next ex-dividend dates. There are typically four days between the ex-dividend day the record date for the individual stocks in U.S. As we cannot obtain the ex-dividend dates but only the record date from CRSP, we assume that the ex-dividend date occurs four trading days prior to the record date. The call options thus retained can be treated as American call options on non-dividend-paying stocks.
Balance Sheet Information
We match the COMPUSTAT Annual database from January 1996 to December 2011, by eight-digit CUSIP, with IVY OptionMetrics. The balance sheet information we collect from COMPUSTAT is the book debt outstanding. We impute different maturities to debt as follows. The debt to be matured in one year is defined as the sum of current liabilities (LCT), debt due in one year not included in current liabilities (DD1), accrued expense and deferred income (AEDI), deferred charges (DC), deferred federal tax (TXDFED), deferred foreign tax (TXDFO), deferred state tax (TXDS) and notes payable (NP). Debt maturing in the 2nd year is DD2. Debt maturing in the 3rd year is DD3. Debt maturing in the 4th year is DD4. Debt maturing in the 5th year is DD5. The debt imputed to be due in the 7th year is and the capitalized lease obligation (DCLO), the debt of the consolidated subsidiary (DCS), the finance subsidiary (DFS), mortgage debt and other secured debt (DM), notes debt (DN) and other liabilities (LO), debentures (DD), contingent liabilities (CLG), longterm debt tied to the prime rate (DLTP), and all reported debt with maturity longer than 5 years (DLTT DD2 DD3 DD4 DD5). 16 In addition, we delete firms whose convertible debt (DCVT) is more than 3% of total assets (AT) and/or finance subsidiary (DFS) is 5% of total assets. This structure of debt outstanding permits the daily computation of the duration of debt and the amount due at the duration date.
In order to make sure that the key debt information is not missing from the COMPUSTAT data, we check DLTT, DD1 to DD5. If all of the six data items are missing, then we do not include this company's record. If only some of the data items are missing while others have positive values, then we set the missing items as zero and keep this company's record. We exclude all utility, financial, and non-profit firms.
Interest Rate and Discount Rate
Estimating the present value of debt and duration requires estimates of the riskless interest rates. The riskless rate (and also the discount rate) appropriate to each option were estimated by interpolating the effective market yields of the two Treasury Bills of U.S. Treasury securities at 6-month, 1-, 2-, 3-, 5-, 7-and 10-year constant maturity from the Federal Reserve for government securities. The interest rate for a particular maturity is computed by linearly interpolating between the two continuous rates whose maturities straddle.
Characteristics of the Final Sample
We divide the option data into several categories according to either term to option expiration or moneyness. Five ranges of time to expiration are classified:
16 The mean duration of issued US corporate debt was 7 years (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) . See Guedes and Opler (2012 Options with less than 21 days to expiration and more than 365 days to expiration were omitted. 17 The five ranges of option maturity classification define our volatility buckets, and are set such that the numbers of options in each category are relatively even.
The ratio of the strike price to the current stock price is defined as the moneyness measure.
The option contract can then be classified into seven moneyness ranges: Again we follow standard practice and omit options with a ratio less than 0.40 or larger than 2.5 because their light trading frequency and thus possible non-synchronicity of trading. We also delete option written on the stocks whose prices are equal or below $5. We require there are at least two call options for each option expiration period. For the shortest expiration 17 Rubinstein (1985) and others have used this classification for moneyness and time to expiration.
period, we also require there exist one AT M call option, one IT M call option and one OT M call option. Table 1 describes the sample properties of the eligible individual stock call option prices.
Summary Statistics
We report summary statistics for the bid-ask mid-point, the bid-ask spread (i.e., the ask 
Comparison with the Black-Scholes Model
In this section, we start with the Figure 1 graph which illustrates the method of comparison between BS and CO models. We then present tables illustrating both the pricing errors of BS and CO, and the pricing error improvement of CO over BS with respect to moneyness and time to expiration by calendar year and by leverage. . We present this analysis for all matched pairs of options for a variety of categories with different times to expiration and moneyness. Table   3 ,Panel A, as compared to ITM options in Table 2 , Panel A, of 2.59%. As expected the average percent BS (CO) errors are much higher for OTM options traded on stocks of highly levered firms with the longest time to expiration, 47.04% in Table 3 , Panel B (37.33% for CO in Table 3 , panel D), compared to BS (CO) errors for the same category of ITM options, 4.23% in Table 2 , Panel B (2.12% for CO in Table 2 , Panel D).
Model Pricing Error Comparison

Pricing Error by Calendar Year, Leverage, Expiration and Moneyness
What is most remarkable in both Tables 2 and 3 , Panels F, is the pricing error improvement of CO relative to BS for ITM options on the highly leveraged firm categories with the shortest expirations ranges from 30%-50% and for the the longest expirations range from 60% to 70%. For the same categories for OTM options in Table 3 Panel F, the CO improvement ranges from 15% to 18% for the shortest expirations to 50% for the longest expirations.
The leverage improvement is intuitive, but the time to expiration effect is nice because it works through the correlation of the equity default option and the equity option to acquire the stock as previously explained.
The average improvement due to leverage of CO over BS for ITM options in Table 2 , Panel F, increases from 13.0% for the lowest leverage category to 56.0% for the highest leverage group for IT M call options over all expirations. For OT M call options in Table   3 , Panel F, the average improvement of CO over BS increases from 14.8% for the lowest leverage category to 26.7% for the largest leverage group.
The average improvement due to the longer time to option expiration of CO over BS in Table 2 , Panel F for ITM options increases from 15.1% for the shortest expiration to 34.5%
for the longest. For OTM options the average improvement of CO over BS increases from 12.6% for the shortest expiration to 31.7% for the longest expiration for OT M call options. OTM options on highly levered firms, from the 8-10 cents for short expirations to 3-9 cents for longer expirations. 
Alternative Testing and Statistical Significance
We also perform other non-parametric tests: a signed rank test, a sign test and a KruskalWallis test (for two independent samples, i.e., the Mann-Whitney U Test). All of them yield similar results that the CO model improvements are significant at p -value smaller than the 0.001% for all terms to expiration and calendar years and leverage ratios.
Conclusions
We empirically test a compound option (CO) approach to equity option valuation. In this approach, equity is a call option on the firm, and the traded call option, of course, is an option on the firm's equity. This approach brings in an economic role for leverage (whose value is the "strike price" of the first option). We use the implied market value of the firms to compare CO-implied option values to Black-Scholes values and to market prices of equity options. To the best of our knowledge, no previous work has used leverage from financial statements in order to value equity call options using the CO approach.
While some might a priori believe the CO model would outperform the Black-Scholes (BS) model because of the inclusion of firm debt, this belief requires qualification. Specifically, the CO model includes additional parameters, the firm's debt components, and their dates of payments, and these additional parameters must be converted to durations to represent the maturity of the default option, and all the additional input parameters are likely to have more measurement error relative to those for the BS model parameters. Also, the CO model includes more unobservable variables than the BS model, which are the firm's market value instead of stock prices, and the firm's asset volatility instead of stock volatility. Given that time series of firm market values cannot be observed and instead must be implied, one would in fact expect more estimation error and increased difficulty in estimating firm volatility relative to equity volatility.
However, when we present the empirical results we show the CO model outperforms the BS model and it offers interesting intuition for the improved pricing accuracy. We demonstrate the improvements are significant both economically and statistically when pricing individual stock options. We show that this can be accomplished simply and parsimoniously with an implicit instead of explicit stochastic volatility process, using contemporaneous, liquid market prices for the equity and options on the equity. We demonstrate the improvement with a very large sample. The improvement stems from the fact that the compound option model takes the theory of option pricing deeper into the theory of the firm by incorporating the "strike price" effects of leverage on asset prices in a way that is consistent with
Modigliani and Miller. The model embeds a stochastic process for the stock which characterizes how debt can cause the individual stock risk to change stochastically and inversely with the equity price level. The paper demonstrates that the improvements are material for all strikes and all times to expiration, and also shows, as expected, that the improvements are greater the greater the market leverage in each firm. We also show the improvements are greater the longer the time to expiration of the option, and we demonstrate how this works through the correlation of the two options, one to default on the debt, and the other to acquire the stock. Our preliminary work suggests that since our improvements obtain for individual equity options, they should also hold for equity index options where the market debt is simply an daily average of individual firm' debt. Applying this methodology to index options is left for future research. The reported numbers are respectively the average bid-ask mid-point price, the average trading volume and the total number of options, for all categories partitioned by moneyness and term of expiration. The sample period extends from January 1996 through December 2011. S denotes the spot individual stock price and K is the exercise price. IT M , AT M and OT M denote in-the-money, at-the-money and out-of-the money options, respectively. Table 3 : CALL OT M Absolute Pricing Error Improvement. Panel A, B, C, D, E and F report the average pricing errors of BS and CO model valuations and the average absolute pricing error improvement respectively, for all categories partitioned by term of expiration, for each calendar year and every leverage group respectively. OT M denotes out-of-the-money options. The BS pricing error is defined as
Moneyness
. The CO pricing error is defined as
. The average absolute pricing error improvement is defined as
. Table 6 : Pricing Error by Leverage and Moneyness. The reported numbers are respectively the average pricing error defined as the difference of model value and market price, for all categories partitioned by leverage and moneyess jointly. IT M and OT M denote in-the-money and out-of-the money options, respectively. 
